###### Strengths and limitations of this study

Using a validated diabetes self-management instrument, and a large and geographically varied Irish type 2 diabetes mellitus patient population, we have demonstrated a lack of association between patient empowerment levels and glycaemic control.Employing a biochemical measure of glycaemic control, as well as analysis of lipid profiles, this study demonstrates no direct linear relationship between patient empowerment and improved diabetes management.As our sample consisted of participants enrolled in the Community Orientated Diabetes Education (CODE) programme, the study population was very familiar with diabetes management, and this may have contributed to volunteer bias in our sample.The present study employed a cross-sectional design, precluding any temporal or causal inferences regarding relationships.

Introduction {#s1}
============

Type 2 diabetes mellitus (T2DM) is a challenging global public health problem.[@R1] In 2007 there was an estimated 144 000 adults with diabetes in Ireland, and by 2020 the total estimate is predicted to raise to over 233 000.[@R2] Across Europe, T2DM accounts for over 85%--90% of all diabetes cases.[@R3] Diabetes mellitus is associated with long-term microvascular and macrovascular complications such as cardiovascular disease, retinopathy, nephropathy and neuropathy.[@R3] Glycaemic control is key to reducing complications and decreasing morbidity and mortality in patients with diabetes.[@R4] For every 1% increase in glycated haemoglobin (HbA1c), the risk of a diabetes-related complication increases by 21% in patients with T2DM.[@R5] However, low and high HbA1c values have been associated with increased mortality and cardiac events, indicative of a non-linear relationship between HbA1c levels and cardiovascular disease risk in T2DM.[@R6] It is known that fewer than 20% of patients diagnosed with T2DM meet recommended targets for glycaemic, lipid and blood pressure control.[@R4]

The serious and chronic nature of diabetes, the complexity of its management and the multiple daily self-care decisions made by patients with diabetes, contribute to the ongoing challenge of adhering to a lifelong predetermined diabetes care programme. Intervention strategies that empower patients to set goals, make well-informed decisions on therapeutic options, and assume responsibility for their daily diabetes care, help patients deal to improve their diabetes care.[@R7]

Patient empowerment is defined as 'a process whereby patients have the knowledge, skills, attitudes and self-awareness necessary to influence their own behaviour and that of others in order to improve the quality of their lives.'[@R10] Factors related to empowerment including readiness to change or commitment to adherence to disease management guidelines have been reported to be responsible for 95% of the fluctuation over time in HbA1c levels.[@R11] Empowerment education centres on providing patients with the knowledge to make informed decisions in order to improve their quality of life. A number of structured and diabetes-specific educational programmes have been described.[@R12] These focus on teaching the empowerment philosophy in a culturally specific way, based on learning by problem solving; these include X-PERT, DESMOND, CODE and ORLA.[@R12] Empowerment-based self-management interventions have been widely used in patients with T2DM.[@R13] These programmes share a patient-centred approach and partnership, self-awareness and self-motivation, self-care or self-management, problem solving and reflection concepts.[@R16] However, the overall effectiveness of these different programmes in patients with T2DM varies considerably.[@R1]

Empowerment assumes that changes in self-efficacy correspond with improvements in health and clinical outcomes.[@R20] It is assumed that increased empowerment in patients with T2DM results in increased motivation to make better self-management decisions on a daily basis. Greater disease management, in turn, leads to less dependence on healthcare services and therefore a more cost-effective use of healthcare resources. However, studies which have looked at the relationship between patient empowerment, as measured across several available psychometric measures, and metabolic outcomes in patients with T2DM, have reported inconsistent results. In 1995, Anderson *et al*[@R7] first reported that empowerment had a significant and positive effect on metabolic control and quality of life outcomes in patients with T2DM. However, in a subsequent study reported by the same group, they failed to replicate the positive association between empowerment and metabolic outcome measures including HbA1c levels.[@R21] Subsequent research has provided conflicting results concerning the putative benefits of empowerment on metabolic outcomes in patients with T2DM with some reporting benefits,[@R22] and other studies reporting weak or non-existent effects.[@R25] Additionally, a recently published meta-analysis of 17 studies concluded that there is no correlation between locus of control, a psychological construct which has been related to empowerment,[@R26] and glycaemic outcome.[@R27]

The aim of this study was to evaluate the correlation between patients' empowerment and diabetes metabolic control, as measured by HbA1c, HDL, LDL, total cholesterol (TC) and triglycerides.

Methods {#s2}
=======

Study design {#s2a}
------------

The present data were collected by the Diabetes Federation of Ireland from participants enrolled in the Community Orientated Diabetes Education (CODE) Programme in 2012. The CODE programme is a national structured diabetes education programme available to patients with T2DM, who are either recently diagnosed or have been diagnosed for several years, throughout the Republic of Ireland. It is partly funded by the Health Service Executive (HSE) in Ireland and is delivered at local level by trained healthcare professionals. Data collected at baseline for patients enrolled in this programme were investigated in the present study; data collection started prior to the start of the educational intervention. The variables included were as follows: demographic information, diabetes care location, method of diabetes management, body mass index (BMI), Diabetes Empowerment Questionnaire---Short Form[@R21] score. In addition, practise-based blood HbA1c, high-density lipoprotein (HDL), low-density lipoprotein (LDL), TC and triglycerides were recorded. Ethical approval was obtained from the Clinical Research Ethics Committee of the Cork Teaching Hospitals.

Diabetes Empowerment Questionnaire---Short Form (DES-SF) {#s2b}
--------------------------------------------------------

The Diabetes Empowerment Scale is a measure of psychosocial self-efficacy, specifically developed for a diabetes patient population.[@R28] Since the development of the original questionnaire in 2000, subsequent versions have seen the number of items reduced from 37 to 28 items, and eventually to eight items, where the latter is known as the short form version (DES-SF; 21). The eight item short form DES can be used to provide a brief overall assessment of diabetes-related psychosocial self-efficacy. The DES-SF was created by choosing the statements with the highest item to subscale correlation from the original questionnaire in 2000.[@R21] The internal consistency of the DES-SF, as measured by Cronbach\'s α, was 0.84, providing evidence that the DES-SF represents a valid and reliable measure of diabetes related psychosocial self-efficacy.[@R21] In the DES-SF, participants are asked to indicate their agreement to eight individual statements about their own ability to manage diabetes. Agreement can range from 'strongly agree' to 'strongly disagree'. Possible scores are 1 to 5 for each statement or for the total score with higher numbers indicating more empowered people.

Data analysis {#s2c}
-------------

Data were extracted from the Diabetes Federation of Ireland CODE database from 2012. All statistical analyses were completed using SPSS V.20 (IBM, New York, New York, USA). Summary statistical analysis was completed for categorical and non-categorical variables. Partial correlation analysis was used to establish associations between empowerment scores and HbA1c, HDL, LDL, cholesterol, and triglycerides, while controlling for the number of years with diabetes (log-transformed), age group, gender, smoking status and BMI. Binary logistic regression was employed to examine the influence of several categorical and continuous scale independent variables (empowerment, gender, age, medication regimen (two categories: use versus non-use of insulin), years with a T2DM diagnosis) on glycaemic control. Glycaemic control was presented as a two-level categorical variable: adequate glycaemic control (HbA1c≤7%); inadequate glycaemic control (HbA1c \>7%; reference category). An additional logistic regression analysis was conducted using the same set of independent and outcome measures, except for empowerment, which was recoded as a categorical variable on the basis of 'low' (\<3) and 'high' (\>3) DES-SF scores, as described in the literature.[@R21] Multivariable linear regression analyses were conducted to examine the influence of categorical and continuous scale independent variables (empowerment, gender, age, medication regimen and years with a T2DM diagnosis) on each of the following metabolic outcome measures: HDL, LDL, triglycerides and cholesterol. Additional analyses involved univariate comparisons of metabolic outcome levels according to gender, recategorised BMI (4 levels: underweight (\<18.5), normal (18.5--25.0), overweight (25--30), obese (\>30)), using t tests or one-way analysis of variance, with Bonferroni *post hoc* comparisons where appropriate. For all analyses, a p value\<0.05 was considered statistically significant.

Results {#s3}
=======

[Table 1](#BMJOPEN2015008422TB1){ref-type="table"} provides a summary of the demographic and clinical characteristics of the study population (patients with T2DM, n=569). The majority of the study population was male (58.2%), and belonged in the 60--69-year age group (n=119). Participants ranged from newly diagnosed to living with diabetes for 50 years; mean duration of diabetes for the overall sample was 5.5 years (SD=5.3). The majority of patients sampled (n=396, 70%) are being treated with oral hypoglycaemic agents, 16% (n=89) on no diabetes medications or on insulin only (n=57, 10%).

###### 

Demographic and clinical characteristics of the sample population

                                           T2DM (n=569)
  ---------------------------------------- --------------
  Age                                      
   Range                                   23--87
   Mean (SD)                               62.9 (10.5)
  Sex (n, % of total n)                    
   Male                                    332 (58.2)
  Diabetes treatment (n, % of total n)     
   No treatment                            89 (16.0)
   Oral medications                        396 (69.0)
   Insulin                                 57 (10.0)
   Not known                               31 (5.0)
  Source of diabetes care (% of total n)   
   Hospital                                78 (14.0)
   Primary care                            287 (50.0)
   Hospital and primary care               173 (30)
   Unanswered                              35 (6)
  Years with diabetes                      
   Range                                   0--50
   Mean (SD)                               5.5 (5.3)
  Smoking status n (% of total n)          
   Smoking                                 60 (10.5)
  Empowerment score                        
   Range                                   1--5
   Mean (SD)                               3.9 (0.7)

T2DM, type 2 diabetes mellitus.

The mean total empowerment score was 3.9 (SD=0.7) indicating a moderate-to-high belief in their ability to self-manage diabetes. More participants reported being well-empowered (scores 4.0--5.0, 38% of total sample) than poorly empowered (scores 1.0--3.9, 32% of total sample).

[Table 2](#BMJOPEN2015008422TB2){ref-type="table"} summarises the blood test results with mean values for each of the metabolic outcome measures for the entire study population.

###### 

Glycaemic control and metabolic marker values and their correlation with empowerment scores

                  Mean result       Range     SD     R value   p Value
  --------------- ------------- ------------- ------ --------- ---------
  HbA1c           7.05           4.50--13.20  1.30   0.06      0.32
  HDL             1.20           0.40--3.90   0.41   0.01      0.95
  LDL             2.34           0.60--6.80   0.92   0.02      0.77
  Triglycerides   1.70           0.40--9.90   1.02   0.02      0.77
  Cholesterol     4.27           2.20--8.70   1.06   0.04      0.49

R value denotes the partial correlation coefficient.

HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Partial correlation analyses {#s3a}
----------------------------

Partial correlation was used to explore the relationship between empowerment and HbA1c while controlling for age, smoking status, years with diabetes, gender and BMI. There was no statistically significant association between empowerment scores and HbA1c levels (p=0.32; see [table 2](#BMJOPEN2015008422TB2){ref-type="table"} for summary of correlational analyses). Similarly no statistical significance was observed between empowerment scores and HDL (p=0.95), LDL (p=0.77), triglycerides (p=0.77) or cholesterol levels (p=0.49).

Univariate comparisons {#s3b}
----------------------

Comparisons using t test revealed several gender-related differences, with females demonstrating significantly higher HDL (females vs males, average scores: 1.29 vs 1.12; t ~431~=4.29, p\<0.0001), but lower LDL (females versus males, average scores: 2.21 vs 2.50; t ~428~=3.26, p\<0.01), and cholesterol (females vs males, average scores: 4.05 vs 4.58; t ~457~=5.58, p\<0.0001) levels than male patients. No gender differences were observed in relation to empowerment scores or any other outcome measure (all p\>0.05). Statistical comparison of recategorised BMI groups ('underweight', 'normal', 'overweight', 'obese') in relation to each of the outcome measures revealed that 'obese' patients demonstrated lower levels of the following outcome measures relative to other BMI groups: HDL (F ~2,\ 417~=8.58, p\<0.01; Bonferroni comparisons, all p\<0.01); triglycerides (F ~2,\ 415~=5.88, p\<0.01; Bonferroni comparisons, all p\<0.05). In contrast, only the 'overweight' group displayed reduced HbA1c levels relative to other BMI categories (F ~2,\ 447~=4.57, p\<0.05; Bonferroni comparisons, all p\<0.05).

Binary logistic and multiple linear regression analyses {#s3c}
-------------------------------------------------------

To clarify the factors affecting glycaemic control and diabetes management outcome variable levels, binary logistic regression was carried out using five demographic and clinical variables (empowerment score, years with diabetes, age, gender, medication regimen), and where the binary categorical outcome variable was glycaemic control (see [table 3](#BMJOPEN2015008422TB3){ref-type="table"}). An alternative logistic regression analysis where empowerment was recoded as a two-level categorical variable (DES-SF score\<3, DES-SF score \>3) similarly failed to demonstrate any significant effect of empowerment on glycaemic control (p=0.56; data not shown). Multiple linear regression analysis was performed using the same five demographic and clinical variables used in the logistic regression analysis as independent variables and four outcome variables related to diabetes management (HDL, LDL, triglycerides, cholesterol; see [table 4](#BMJOPEN2015008422TB4){ref-type="table"}). Diabetes duration was associated with higher HbA1c levels in patients with T2DM. Increasing age was associated with higher HDL levels. Conversely, as patients increased in age, they demonstrated reduced LDL and triglycerides levels. Females showed higher HDL and lower cholesterol levels.

###### 

Results of binary logistic regression modelling for prediction of glycaemic control

  Independent variable   B       SE     p Value      R^2^
  ---------------------- ------- ------ ----------- -------
  HbA1c†                                            
   Empowerment           0.03    0.19   0.86         0.17‡
   Years with diabetes   1.86    0.36   0.001\*\*   
   Age                   −0.01   0.01   0.39        
   Gender                −0.23   0.27   0.39        
   Medication regimen§   −0.54   0.42   0.20        

β denotes the standardised variable estimate.

SE denotes the SE of the variable estimate.

\*\*p\<0.01.

†Categorical variable, two levels: inadequate glycaemic control (HbA1c \>7%; reference category), adequate glycaemic control (HbA1c ≤7%).

‡Nagelkerke R^2^ estimate, which denotes the proportion of the variance explained by the model.

§Categorical variable, two levels: non-use of insulin treatment (reference category), use of insulin treatment.

HbA1c, glycated haemoglobin.

###### 

Results of multiple linear regression modelling for prediction of disease management variables

  Independent variable   B       SE     p Value      R^2^
  ---------------------- ------- ------ ----------- ------
  HDL                                               
   Empowerment           −0.01   0.03   0.94         0.09
   Years with diabetes   0.05    0.05   0.42        
   Age                   0.21    0.01   0.001\*\*   
   Gender                0.20    0.04   0.001\*\*   
   Medication regimen    0.09    0.07   0.14        
  LDL                                               
   Empowerment           −0.04   0.08   0.54         0.06
   Years with diabetes   −0.06   0.13   0.39        
   Age                   −0.18   0.01   0.005\*\*   
   Gender                0.12    0.11   0.05\*      
   Medication regimen    −0.03   0.17   0.62        
  Triglycerides                                     
   Empowerment           0.05    0.10   0.43         0.02
   Years with diabetes   0.01    0.18   0.99        
   Age                   −0.13   0.01   0.04\*      
   Gender                0.03    0.14   0.60        
   Medication regimen    0.01    0.22   0.85        
  Cholesterol                                       
   Empowerment           0.03    0.08   0.61         0.09
   Years with diabetes   −0.18   0.15   0.22        
   Age                   −0.09   0.01   0.13        
   Gender                0.25    0.12   0.001\*\*   
   Medication regimen    0.05    0.19   0.40        

Adjusted R^2^ denotes the adjusted proportion of the variance explained by the model.

β denotes the standardised variable estimate.

SE denotes the SE of the variable estimate.

\*p\<0.05, \*\*p\<0.01.

HDL, high-density lipoprotein; LDL, low density lipoprotein.

Discussion {#s4}
==========

This is the first study which has examined the relative predictive relationship between self-reported baseline empowerment and metabolic outcomes in a CODE cohort of patients with T2DM. The main findings in the present study were that empowerment, as measured by patient responses in the DES-SF questionnaire, was found to be unrelated to glycaemic control (HbA1c) or other disease-related outcomes (HDL, LDL, triglycerides, cholesterol). With respect to glycaemic control, this finding was consistent with previous reports that DES scores and HbA1c levels vary independently of each other.[@R21]

Patient empowerment {#s4a}
-------------------

The mean DES-SF score across patients with T2DM was 3.85, which is indicative of a moderate-to-high level of empowerment in their ability to manage their condition. On the DES-SF scale, a score of 3.0 is a neutral point, whereas a score of 2.0 or less indicates that the person is not handling life with diabetes in an empowered way. The values reported in the current study are consistent with values reported for a previous CODE study in 2011,[@R29] and are higher than the average scores reported by Deakin *et al* (mean DES-SF---2.9[@R15]) and Sigurdardottir and Jonsdottir (mean DES-SF---3.68[@R19]). When comparing DES-SF scores across between study populations, it is important to take into account the effect of culture, educational status and socioeconomic factors on baseline empowerment scores. In contrast with previous reports, the current study did not demonstrate any gender differences in the DES-SF score profile of patients with T2DM.

Glycaemic control {#s4b}
-----------------

The present study found that the mean HbA1c (7.05%) level in this cohort of patients was marginally outside of the recommended range for patients with T2DM (\<7.0%).[@R30] This finding was partially consistent with research carried out by the Diabetes In General Practice Group,[@R31] HSE Diabetes Structured Care Programme[@R32] and the National Audit in England,[@R33] where average HbA1c values recorded in patients with T2DM were above the recommended target. These findings highlight that for a significant proportion of patients with T2DM sampled in this study (39.8%), their glycaemic control levels were not in line with recommended care targets, which points towards increased risk of diabetes related complications in a subset of this patient sample. However, there is ongoing debate within the field regarding optimal targets for HbA1c, where increased and decreased levels are associated with adverse health outcomes in patients with T2DM.[@R6] Consistent with other studies, years with a T2DM diagnosis was associated with an increase in HbA1c levels, indicative of poorer glycaemic control;[@R34] [@R35] this may be attributable to increased resistance to medication and the need for higher doses or additional medications over time.[@R36]

Other disease management markers {#s4c}
--------------------------------

The mean cholesterol level (4.27 mmol/L) reported for patients in the present study fell below the recommended national targets for TC (\<4.5 mmol/L).[@R4] Therefore, the majority of participants in this study population were achieving the target for TC level, which is a positive outcome given that cardiovascular risk is high among patients with T2DM. This was in keeping with findings from the CODE programme in 2010[@R29] and Diabetes In General Practice Group,[@R31] HSE Diabetes Structured Care Programme[@R32] and the National Audit in England.[@R33] It was also demonstrated that when patients were stratified based on BMI category, cholesterol levels increased in the following category-dependent fashion: normal \<overweight \<obese. The findings of this study show that the mean HDL level was 1.20 mmol/L in this patient sample; this value is consistent with the national recommended target of \>1 mmol/L. Similarly, the mean LDL level was 2.34 mmol/L, which is within the recommended target range (\<2.5 mmol/L). The patients with T2DM studied in this sample population were on target for mean cholesterol, HDL and LDL, but this trend was reversed for triglyceride levels (4.27 mmol/L). The mean triglyceride level (4.27 mmol/L) in the current patient cohort lies considerably outside of the recommended goal for triglyceride levels (\<2.0 mmol/L). Tight lipid control is important in reducing the risk of cardiovascular events therefore a greater percentage of these patients should be reviewed in order to meet the target range for triglycerides. Male patients displayed lower cholesterol, HDL and LDL levels compared to females, which is consistent with previous reports in patients with T2DM.[@R37] [@R38] These gender differences have been discussed in the context of elevated risk of cardiovascular disease among female versus male patients with T2DM, and appear to be attributable to the complex interplay of physiological, treatment and psychological factors.[@R38] Among the variables which predicted changes across these outcome measures in patients with T2DM, duration of diabetes emerged a significant independent predictor of TC and LDL levels, with increased years since diagnosis (independently of age) associated with increased values for both measures.

Empowerment and glycaemic control---implications of current research {#s4d}
--------------------------------------------------------------------

When considered against the backdrop of numerous intervention-based studies which have identified empowerment as a key modifier of health outcomes in patients with T2DM, these findings suggest the possibility of a non-linear and complex relationship between the empowerment construct and maintenance of good metabolic control. This possibility is supported by data from a number of structured diabetes education programmes, aimed at encouraging self-help, which have been shown to be associated with only limited benefits in glycaemic control, but significant educational and psychological benefits.[@R14] It has been noted that many previous diabetes educational intervention studies have been short-term only, when improvements may be simply related to non-specific support and interest from health professionals, while longitudinal studies are difficult to interpret, as education was combined with integrated systems of intensified pharmacological treatment.[@R14] The current data also raise questions about the relationship between the concept of empowerment in T2DM, in theory and practise. It has been suggested that an important methodological challenge in the field involves different operational definitions of empowerment employed in studies examining the efficacy of empowerment-based self-management interventions in T2DM.[@R39] Empowerment has been generally described as a poorly defined construct, with generic and condition-specific patient empowerment self-report measures capturing different constructs and/or limited conceptualisations of empowerment.[@R39] Additionally, the variable impacts and outcomes reported by studies examining the efficacy of empowerment-based self-management may also reflect the absence of a theoretical approach to optimising health-related behavioural change as part of case management. This unsatisfactory situation has resulted in a 'black box' problem, where the necessary and sufficient conditions for change to occur are unknown.[@R40]

Strengths and limitations {#s4e}
-------------------------

Using a validated diabetes self-management instrument, and a large and geographically varied Irish T2DM patient population, we have demonstrated a lack of association between patient empowerment levels and glycaemic control. A limitation of this study concerns the representativeness of the study sample. Time with diabetes was, on average, 5.5 years and only 10% of the patients used insulin. Therefore, most patients were in the initial stages of T2DM. In those participants, it might be argued that empowerment issues will play a less crucial role on maintenance of glycaemic control, since adequate glycaemic levels are relatively easy to achieve with one or two oral medications. It is also reasonable to propose that empowerment may play a more significant role during the advanced stages of the disease (not adequately represented in this study). Researchers have also questioned the sensitivity of existing empowerment scales (such as the DES-SF) in capturing a multilevel construct like empowerment, noting that the DES-SF has also not been evaluated for test-retest reliability or responsiveness to change.[@R41] Lastly, the cross-sectional design limits the assessment of causality.

Conclusion {#s4f}
==========

The results from this research suggest that empowerment, as measured by the DES-SF, has no direct impact on metabolic control in patients with T2DM. Healthcare providers should be aware that there is little evidence to show a direct linear relationship between patient empowerment and improved glycaemic control.[@R21] Differential sensitivity of various measures of empowerment may account for elements of patient empowerment which are not appreciated in the current models. Ongoing debate regarding the theoretical nature of the concept is a factor which has contributed to the lack of applicability of the empowerment construct in a clinical setting. Further research into the short-term and long-term outcomes of the empowerment model, in different levels of disease management, and across different settings, is required to illuminate its value in diabetes management. In an Irish and European context, the next decade will be characterised by a considerable increase in the number of patients with T2DM being treated in a primary care setting.[@R42] In the management of chronic disease like T2DM, the role of the general practitioner is gradually shifting from performing services to advising patients on effective self-management. Recent evidence has demonstrated a J-shaped relationship between HbA1c and all-cause mortality in patients with T2DM.[@R43] In this context, a personalised medicine approach to managing glycaemic control in T2DM, which takes into account the potentially adverse of effects of glucose-lowering drugs, as well as various comorbidities (especially those which are age-related), is important.[@R30] Many patients are still not achieving the recommended diabetes targets, and further research into the factors that underlie the management of diabetes is necessary in order to improve patient outcomes.
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